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Summary. SH2 and SH3 adapter proteins connect cell 
surface tyrosine kinases to intracellular signaling 
networks. For instance, the SH3-SH2-SH3 adapter Grb2 
links receptor tyrosine kinases to the Ras pathway. Nck, 
composed of three SH3 domains and one SH2 domain, 
represents a two-gene (alpha and beta) family in 
mammals. Ncka and NckB are expressed in the same 
cells and appear to have distinct signaling specificity. 
Studies show that Nck plays a role in cell mitogenesis 
and morphogenesis. The former uses Ras-dependent and 
Ras-independent pathways. The latter appears to 
coordinate with the Cdc42/Rac>PAKl/WASp>actin 
cytoskeleton pathway. Understanding the specificity of 
Ncka and NckB signal transduction will provide answers 
for the previously often conflicting observations. 
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Introduction 
Protein tyrosine phosphorylation/dephosphorylation 
is an evolutionarily-conserved chemical switch and 
widely used in early events of signal transduction by 
almost all cell surface receptors. It appears to play two 
major roles in regulation of a protein function. 
First, phosphorylation/dephosphorylation changes 
conformation of a protein, resulting in increase or 
decrease of its intrinsic enzymatic or other functional 
activity. For example, dephosphorylation of the 
phosphorylated tyrosine-527 in the carboxyl terminus of 
c-src disrupts its head-to-tail interaction and opens up 
the folded inactive molecule to an unfolded active 
kinase. Second, phosphorylated tyrosines serve as 
binding sites for the peptide modules called Src- 
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homology 2 (SH2) and phosphotyrosine binding (PTB) 
domains. These "lock and key" interactions result in 
formation of new protein signaling complexes and often 
relocation of the phosphotyrosine (pY)-bound proteins 
(Pawson, 1995). For example, phospholipase Cy binds 
via its SH2 domains to pY-1009 and pY-1021 in the 
human PDGF receptor-beta and translocates to the 
plasma membrane. It then becomes tyrosine 
phosphorylated and activated by the PDGFR 
(Schlessinger and Ullrich, 1992). In addition to the pY 
residue, three to six amino acid residues immediately 
carboxyl to the pY residue, p ~ - ( ~ ) 3 - 6 ,  play a critical role 
in determining the binding affinity and specificity to an 
SH2 domain. In contrast, the amino1 terminal residues of 
the pY participate in binding to a PTB domain. In vitro 
binding studies using a pY peptide library show the ~ d ,  
of submicromolar/micromolar range (Songyang et al., 
1993). Src-homology domains also include SH3 domain. 
SH3 domains bind proline-rich segments of target 
molecules with the minimum consensus of P-X-X-P 
(Pawson, 1995). Each proline is often preceded by an 
aliphatic amino acid residue and the aliphatic-proline 
pair binds to hydrophobic pocket on the SH3 domain. In 
vitro, P-X-X-P peptides of optimal sequences bind SH3 
domains with K in micromolar range. Therefore, when 
SH2 and SH3 $mains work together, they connect pY 
signaling at the cell surface to a variety of signaling 
pathways via P-X-X-P-SH3 interactions. 
A group of mammalian SH2- and SH3-containing 
proteins is composed exclusively of SH domains and 
does not have any enzymatic or known functional 
motifs. They include Crk, Grb2 and Nck. These proteins 
are therefore called SH domain-containing adapters 
(reviewed by Birge et al., 1996). The mechanism of 
action by these adapter proteins has best been 
demonstrated by studies on Grb2. Following EGF 
stimulation, Grb2 binds via its SH2 domain to a pYXNV 
motif in the EGFR andtor via the same motif in tyrosine 
phosphorylated SHC. Grb2 in turn translocates its SH3 
domain-associated (constitutively) Ras guanine 
nucleotide exchange factor SOS to the plasma membrane. 








